j 1/1 ^— i> 

PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2003-086783 
(43)Date of publication of application : 20.03.2003 



r- — ... , .„.;z:r _ :. "- — - - ■ . 

(51)Int.CI. 


. H01L 27/148 






H04N 5/335 






(21)Application number : 2001-276133 


(71)Applicant 


SONY CORP 




(22)Date of filing : 1 2.09.2001 


(72)Inventor : 


OHASHI MASANORI 





1 

Searching PAJ 



(54) SOLID-STATE IMAGE PICKUP ELEMENT AND ITS MANUFACTURING METHOD 



(57)Abstract: 

PROBLEM TO BE SOLVED: To improve sensitivity by forming a 
longitudinal overflow barrier deep and to suppress color mixing due to 
interference between adjacent pixels accompanying reduction in cell 
size. 

SOLUTION: In order to optimize the impurity profile of a photodetection 
pixel of a solid-state image pickup element by colors that respective 
pixels take charge of, a sensor structure has a profile of multi-stage 
constitution increased in photoelectric conversion efficiency along the 
depth of a silicon substrate, by performing ion implantation of n+ 
impurities of a sensor divisionally a plurality of times while the energy 
and mask pattern are changed. So that photoelectric conversion is 
effectively performed corresponding to the incident wavelength filtered 
by a color filter on a photodetection pixel, part of the multi-stage 
constitution of n-type impurities of the sensor is expanded, the 
expanded area is formed to the best depth for each pixel to provide 
expanded parts at different positions by adjacent pixels, and interference 
between the adjacent pixels is avoided to actualize both sensitivity 
improvement and prevention against color mixing. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the solid state image pickup device which prepared the sensor section which constitutes two or 
more image pick-up pixels, and the transfer register which transmits the signal charge accumulated in each 
sensor section into the semi-conductor substrate, and expanded the signal-charge are recording field of said 
sensor section in the depth direction of a semi-conductor substrate The solid state image pickup device 
characterized by what the signal-charge are recording field of the image pick-up pixel which adjoins mutually is 
expanded in the direction of a field of a semi-conductor substrate for in the depth location where the semi- 
conductor substrates determined corresponding to the wavelength of the incident light which each image pick- 
up pixel takes charge of differ. 

[Claim 2] The image pick-up pixel which adjoins mutually is a solid state image pickup device according to claim 
1 characterized by being the pixel which takes charge of the image pick-up of a different color. 
[Claim 3] The solid state image pickup device according to claim 2 characterized by having expanded the signal- 
charge are recording field of a blue pixel in the shallowest depth location among the image pick-up pixels which 
take charge of three colors of red-and-blue green, having expanded the signal-charge are recording field of a 
green pixel to the 2nd in the shallow depth location, and expanding the signal-charge are recording field of a red 
pixel in the deepest location. 

[Claim 4] Into a semi-conductor substrate, the sensor section which constitutes two or more image pick-up 
pixels, and the transfer register which transmits the signal charge accumulated in each sensor section are 
prepared. While dividing the impurity ion implantation for forming the signal-charge are recording field of said 
sensor section into multiple times and performing it in the manufacture approach of a solid state image pickup 
device of having expanded the signal-charge are recording field of said sensor section in the depth direction of a 
semi-conductor substrate By changing the amount of ion implantations of each time between the adjoining 
image pick-up pixels The manufacture approach of the solid state image pickup device characterized by what 
the signal-charge are recording field of the image pick-up pixel which adjoins mutually was expanded in the 
direction of a field of a semi-conductor substrate for in the depth location where the semi-conductor substrates 
determined corresponding to the wavelength of the incident light which each image pick-up pixel takes charge of 
differ. 

[Claim 5] The image pick-up pixel which adjoins mutually is the manufacture approach of the solid state image 
pickup device according to claim 4 characterized by being the pixel which takes charge of the image pick-up of a 
different color. 

[Claim 6] The manufacture approach of the solid state image pickup device according to claim 5 characterized 
by having expanded the signal-charge are recording field of a blue pixel in the shallowest depth location among 
the image pick-up pixels which take charge of three colors of red-and-blue green, having expanded the signal- 
charge are recording field of a green pixel to the 2nd in the shallow depth location, and expanding the signal- 
charge are recording field of a red pixel in the deepest location. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the solid state image pickup device which reads color pictures, 

such as two-dimensional image sensors and a line sensor, and its manufacture approach. 

[0002] 

[Description of the Prior Art] In a solid state image pickup device in recent years, in order to compensate the 
sensibility lowering accompanying detailed-izing of an image pick-up pixel (eel), it is indispensable to gather the 
quantum efficiency per unit cell. Then, although the measure which incorporates the amount of incident light to a 
sensor field effectively by devising the configuration of a micro lens on chip conventionally etc. has been taken If 
photo electric translation of the incident light incorporated to the sensor field is carried out in (Silicon Si) 
substrate and it is not effectively accumulated in a photodiode as a signal charge after that It will become a 
smear component, or will be thrown away into the drain side of a silicon substrate, and cannot contribute as 
sensibility as a result. 

[0003] And in order to store up the charge by which photo electric translation was carried out effective in a 
sensor field, it is necessary to expand n field which is a lower layer charge storage field of a photodiode as much 
as possible in three dimension. As the amplification approach, how to expand n field in the depth direction of (1) 
silicon substrate, and the method of expanding n field in the two-dimensional direction (the direction of a 
substrate side) of (2) silicon substrates can be considered. 
[0004] 

[Problem(s) to be Solved by the Invention] However, although it can realize by forming the location of the 
overflow barrier in the depth direction of the above (1) deeply by the approach of expanding n field, since the 
aspect ratio of the depth direction over the cell size of a sensor field becomes large, it is becoming difficult to 
form a smooth profile so that three-dimension-bolting may not occur. Drawing 2 is the explanatory view showing 
the impurity profile in the sensor section of a CCD solid state image pickup device which has a general end-fire 
array overflow drain, and drawing 3 is the explanatory view showing the impurity profile in the sensor section of 
the CCD solid state image pickup device which formed the location of the overflow barrier deeply. In addition, in 
each drawing, an axis of ordinate shows potential level phi (V), and the axis of abscissa shows the depth location 
from the front face in a silicon substrate, respectively. 

[0005] Like a graphic display, the sensor section consists of an n type layer which performs are recording of a 
charge, a p type layer which forms the overflow barrier, and a p mold high concentration layer (p+) to which 
pinning of the silicon front face of the sensor section is carried out so that it may control that the charge 
generated by interface state density begins (dark current) to spring, after photo electric translation of the 
incident light is carried out. With the configuration to which a sensor field (n field) is expanded in the depth 
direction mentioned above, as shown in drawing 3 , the overflow barrier can be formed in a deeper location from 
a silicon front face, and it can realize by taking the profile which lengthens smoothly the connector depletion 
layer according the meantime to n-field. 

[0006] Drawing 5 and drawing 6 are the sectional views showing the structure of a CCD solid state image pickup 
device where n field of a sensor was expanded in the depth direction of a silicon substrate in this way, drawing 5 
shows the structure between the pixels which adjoin horizontally, and drawing 6 shows the structure between 
the pixels which adjoin perpendicularly. In drawing 5 , the sensor fields 1 1A and 1 1B of each pixel corresponding 
to RGB are arranged at the upper layer of a silicon substrate 10, and the vertical transfer register 12 is formed 
among each sensor fields 1 1 A and 1 1B. And corresponding to each vertical transfer register 12, the transfer 
electrode 14 is arranged through an insulator layer 13 on the top face of a silicon substrate 10, and the light- 
shielding film 16 is arranged on the top face. 

[0007] Moreover, in drawing 6 , the transfer electrodes 1 4 and 1 5 for each vertical transfer register 1 2 are 
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arranged, and the light-shielding film/16 is arranged on the top face. Like a graphic display, if n field of each 
sensor fields 11A and 1 1 B is expanded in the depth direction of a silicon substrate 10, n fields which adjoin in 
the depths of a silicon substrate 10 approach too much, and while being the contiguity pixel of the 
perpendicularly especially the vertical transfer register 12 does not intervene, concern of color mixture will 
occur. 

[0008] The method of on the other hand expanding n field in the two-dimensional direction of the profile of the 
above (2) simply will cause degradation of basic properties, such as reduction of the handling charge by the 
cutback of a vertical transfer electrode field, reduction of the blooming margin by the cutback of the read-out 
gate, and color mixture to the eel which adjoins further. 

[0009] Then, the object of this invention is to offer the solid state image pickup device which can control the 
sensibility lowering accompanying the cutback of cell size, and color mixture, and its manufacture approach. 
[0010] 

[Means for Solving the Problem] The sensor section which constitutes two or more image pick-up pixels in a 
semi-conductor substrate in order that this invention may attain said object, In the solid state image pickup 
device which prepared the transfer register which transmits the signal charge accumulated in each sensor 
section, and expanded the signal-charge are recording field of said sensor section in the depth direction of a 
semi-conductor substrate The signal-charge are recording field of the image pick-up pixel which adjoins 
mutually is characterized by being expanded in the direction of a field of a semi-conductor substrate in the 
depth location where the semi-conductor substrates determined corresponding to the wavelength of the 
incident light which each image pick-up pixel takes charge of differ. 

[001 1] Moreover, the sensor section from which this invention constitutes two or more image pick-up pixels in a 
semi-conductor substrate, In the manufacture approach of a solid state image pickup device of having prepared 
the transfer register which transmits the signal charge accumulated in each sensor section, and having expanded 
the signal-charge are recording field of said sensor section in the depth direction of a semi-conductor substrate 
While dividing the impurity ion implantation for forming the signal-charge are recording field of said sensor 
section into multiple times and performing it By changing the amount of ion implantations of each time between 
the adjoining image pick-up pixels It is characterized by expanding the signal-charge are recording field of the 
image pick-up pixel which adjoins mutually in the direction of a field of a semi-conductor substrate in the depth 
location where the semi-conductor substrates determined corresponding to the wavelength of the incident light 
which each image pick-up pixel takes charge of differ. 

[0012] In the solid state image pickup device of this invention, a signal-charge are-recording field is expandable 
in the optimal depth location for the wavelength of incident light, preventing contiguity of an adjoining signal- 
charge are recording field from the signal-charge are recording field of the image pick-up pixel which adjoins 
mutually being expanded in the direction of a field of a semi-conductor substrate in the depth location where the 
semi-conductor substrates determined corresponding to the wavelength of the incident light which each image 
pick-up pixel takes charge of differ. Therefore, it becomes possible to realize both the improvement 
effectiveness in sensibility by amplification of a signal-charge are recording field, and color mixture depressor 
effect by separation of an adjoining signal-charge are recording field, and degradation of the image quality 
accompanying the cutback of cell size can be prevented, and it becomes possible to obtain a high-definition solid 
state image pickup device. 

[0013] Moreover, a signal-charge are-recording field is expandable in the optimal depth location for the 
wavelength of incident light, preventing contiguity of the signal-charge are-recording field which adjoins 
according to an easy production process from expanding in the direction of a field of a semi-conductor substrate 
in the depth location where the semi-conductor substrates determined by the impurity ion implantation of 
multiple times by the manufacture approach of the solid state image pickup device of this invention 
corresponding to the wavelength of the incident light in which each image pick-up pixel takes charge of the 
signal-charge are-recording field of the image pick-up pixel which adjoins mutually [ a solid state image pickup 
device ] differ. Therefore, it becomes possible to realize both the improvement effectiveness in sensibility by 
amplification of a signal-charge are recording field, and color mixture depressor effect by separation of an 
adjoining signal-charge are recording field, and degradation of the image quality accompanying the cutback of cell 
size can be prevented, and it becomes possible to manufacture a high-definition solid state image pickup device. 

[0014] 

[Embodiment of the Invention] Hereafter, the example of a gestalt of operation of the solid state image pickup 
device by this invention and its manufacture approach is explained. In addition, in the following explanation, 
although the gestalt of the operation explained below is the suitable example of this invention and desirable 
various definition is attached technically, especially the range of this invention shall not be limited to these 
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modes, as long as there is no publication of the purport which limits this invention. In order to make it optimize 
with the gestalt of this operation for every color in which each pixel takes charge of the impurity profile of the 
light-receiving pixel section in a solid state image pickup device In sensor structure with the profile of the 
multistage configuration which divided n+ impurity of the sensor section into multiple times, changed energy and 
a mask pattern, performed the ion implantation, and gathered the photoelectric conversion efficiency to the 
depth direction So that photo electric translation may be effectively performed according to the incident wave 
length filtered with the light filter on a light-receiving pixel It is made to reconcile the improvement in sensibility, 
and color mixture prevention by making a part of multistage configuration of n+ impurity of the sensor section 
expand, and forming the amplification field in the optimal depth for every pixel. 

[0015] Drawing 1 is the sectional view showing the structure of the CCD solid state image pickup device by the 
gestalt of operation of this invention, and shows the structure between the pixels which adjoin perpendicularly. In 
this example, the sensor fields 1 1 1 A, 1 1 1B r and 1 1 1C of each pixel corresponding to RGB are arranged at the 
upper layer of a silicon substrate 1 1 0. In addition, although omitted in drawing 1 , between the horizontal pixels of 
each sensor fields 1 1 1 A, 1 1 1 B, and 1 1 1 C, the vertical transfer register is formed like the structure shown in 
drawing 5 . Moreover, corresponding to each vertical transfer register, the transfer electrodes 1 1 4 and 1 1 5 of 
vertical 2 phase are arranged through an insulator layer 1 13 on the top face of a silicon substrate 110, and the 
light-shielding film 1 16 is arranged on the top face. 

[0016] And the light filter 120 to which incidence of the 3 colored light of RGB is separated and carried out to 
each image pick-up pixel is formed in the top face of such a silicon substrate 1 10. This light filter 120 carries 
out incidence of the blue (Blue) light to sensor field 1 1 1A, carries out incidence of the green (Green) light to 
sensor field 1 1 1 B, and carries out incidence of the red (Red) light to sensor field 1 1 1C. And each sensor fields 
1 1 1 A, 1 1 1 B, and 1 1 1 C make the depletion layer by n-mold impurity range expand in the depth direction of a 
silicon substrate 110 to the lower layer of the photo-electric-translation layer by the upper n+ mold impurity 
range, are made into a signal-charge are recording field, according to such impurity profile structure, form the 
location of the overflow barrier deeply and aim at improvement in sensibility. 

[0017] And such sensor fields 1 1 1 A, 1 1 1B, and 1 1 1C of impurity profile structure are formed of the ion 
implantation divided into multiple times (the example of a graphic display seven steps), and have the impurity 
range expanded to a different depth location for every sensor fields 1 1 1 A, 1 1 1 B, and 1 1 1 C of the pixel which 
takes charge of each color in the direction of a substrate side by changing the ion-implantation energy and the 
mask pattern of each time. That is, n-mold impurity range of the shallowest location is expanded about a Blue 
pixel with the shortest wavelength (sensor field 1 1 1 A), next, about a Green pixel with short wavelength (sensor 
field 111B), the 3rd step of n-mold impurity range is expanded from a top, and the 1st step and the 2nd step of 
n-mold impurity range is expanded from the bottom about a Red pixel with the longest wavelength (sensor field 
1 1 1 C). A mutual separation condition is secured by making n-mold impurity range expand in a depth location 
which expands n-mold impurity range of the optimal depth location for the wavelength of incident light in the 
direction of a substrate side by this, and attains improvement in the sensibility in each pixel, and is different 
between contiguity pixels, and control of color mixture is realized. 

[0018] Drawing 4 is the explanatory view showing the relation of the formation location of the overflow barrier 
for every incident wave length and sensibility in a silicon substrate, an axis of ordinate shows spectral sensitivity, 
an axis of abscissa shows incident wave length (micrometer), and each polygonal line shows the spectral 
characteristic curve (calculated value) in each location from 0.3 micrometers to 12 micrometers, the spectrum 
with which Blue light (light which penetrated the Blue filter) has a sensibility peak in the wavelength of about 
450nm (0.45 micrometers) here, although photo electric translation will be efficiently made in a sensor field if the 
overflow barrier is in a depth of about 3 micrometers from Si substrate front face since it has a curve Green 
light (light which penetrated the Green filter) needs to form the overflow barrier in a depth of about 5 
micrometers, in order to obtain effective photo electric translation, since it has a sensibility peak near 500- 
550nm. 

[0019] Furthermore, about Red light (light which penetrated the Red filter), since it has a sensibility peak near 
600-650nm, the depth location of the required overflow barrier is set to 10 micrometers or more. It becomes 
possible to perform photo electric translation efficiently, without invading the sensor field of an adjacent pixel 
mutually, if only **, ****, and the sensor field in the depth of different photo electric translation for every 
above-mentioned color are expanded to the wavelength which forms the location of the overflow barrier deeply 
beforehand and each pixel takes charge of if this is put in another way. 

[0020] Therefore, it is possible as an example of the creation approach of such profile structure to adopt the 
following procedures, first, a depth of 10 micrometers or more — the overflow barrier — a high energy ion 
implantation (Boron:8-10MeV) and two-layer — Epi — after forming by law etc., the field which hits n+ field 
shown in drawing 3 is formed in all pixel coincidence. This n+ field determines the minimum potential of the 
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sensor section, and forms it in a de^/h of about 0.5 micrometers by As or Phos. Then, an ion implantation is 
performed with energy which is different on a multistage story, and n-field is formed so that a depletion region 
may spread even this n+ field and the overflow barrier smoothly in potential. This n-field is formed by high 
energy and low concentration to previous n+ field. 

[0021] And the wavelength of each Blue, Red, and Green which were described previously optimizes the mask 
pattern of the energy equivalent to the depth by which photo electric translation is carried out in Si for every 
pixel for every multistage ion-implantation (in plastic) activity of this n-field. That is, the mask pattern at that 
time makes only opening of the pixel (sensor field 1 1 1 A) treating Blue light expand rather than other pixels by 
IMPURA driven into a depth of 3 micrometers or less in the in plastic activity of the multistage one which forms 
n-field, as shown in drawing 1 . Moreover, the mask pattern at the time of the in plastic activity driven into a 
depth of 3-5 micrometers makes only opening of the pixel (sensor field 1 1 1 B) treating Green light expand from 
other pixels. The pixel (sensor field 111 C) treating Red light makes opening of a mask pattern similarly expand 
from other pixels at the time of the in plastic activity driven into a depth of 5 micrometers or more. 
[0022] Then, after forming a transfer electrode by the usual approach, it forms according to the in plastic 
activity which depends P+ field on the front face of the maximum in self align to a transfer electrode, and the 
usual light-shielding film etc. is formed. Since n-field which constitutes the signal-charge are recording field of 
each sensor from above manufacture approaches of this example is formed by multistage IMPURA, it is possible 
to realize easily a sensor profile as easily optimized a pattern to each in plastic ** and shown in drawing 1 . In 
addition, although seven steps of examples show the ion implantation number of stages of a multistage n field in 
the example of drawing 1 , according to the effect of the two-dimensional bolting effectiveness of the impurity 
which surround the location and sensor of the overflow barrier etc., the optimal number of stages can be 
changed suitably. 
[0023] 

[Effect of the Invention] A signal-charge are-recording field is expandable in the optimal depth location for the 
wavelength of incident light, preventing contiguity of an adjoining signal-charge are-recording field in the solid 
state image pickup device of this invention from being expanded in the direction of a field of a semi-conductor 
substrate in the depth location where the semi-conductor substrates with which the signal-charge are-recording 
field of the image pick-up pixel which adjoins mutually is determined corresponding to the wavelength of the 
incident light which each image pick-up pixel takes charge of differ, as explained above. Therefore, a sensor field 
does not interfere by adjoining pixels, but it becomes the structure which charge color mixture between the 
pixels which adjoin especially a perpendicular direction cannot generate easily, and it becomes possible to realize 
both the improvement effectiveness in sensibility by amplification of a signal-charge are recording field, and 
color mixture depressor effect by separation of an adjoining signal-charge are recording field. Consequently, 
degradation of the image quality accompanying the cutback of cell size can be prevented, and it becomes 
possible to obtain a high-definition solid state image pickup device. 

[0024] Moreover, a signal-charge are-recording field is expandable in the optimal depth location for the 
wavelength of incident light, preventing contiguity of the signal-charge are-recording field which adjoins 
according to an easy production process from expanding in the direction of a field of a semi-conductor substrate 
in the depth location where the semi-conductor substrates determined by the impurity ion implantation of 
multiple times by the manufacture approach of the solid state image pickup device of this invention 
corresponding to the wavelength of the incident light in which each image pick-up pixel takes charge of the 
signal-charge are-recording field of the image pick-up pixel which adjoins mutually [ a solid state image pickup 
device ] differ. Therefore, a sensor field does not interfere by adjoining pixels, but the solid state image pickup 
device of the structure which charge color mixture between the pixels which adjoin especially a perpendicular 
direction cannot generate easily can be manufactured easily, and it becomes possible to realize both the 
improvement effectiveness in sensibility by amplification of a signal-charge are recording field, and color mixture 
depressor effect by separation of an adjoining signal-charge are recording field. Consequently, degradation of the 
image quality accompanying the cutback of cell size can be prevented, and it becomes possible to manufacture a 
high-definition solid state image pickup device. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2005/12/12 



THiS PAGE BLANK (uspto) 



' JP.2003-086783.A [DESCRIPTION \ 
* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing 1] It is the sectional view showing the structure of the CCD solid state image pickup device by the 
gestalt of operation of this invention. 

[Drawing 2] It is the explanatory view showing the impurity profile in the sensor section of a CCD solid state 
image pickup device which has a general end-fire array overflow drain. 

[Drawing 3] It is the explanatory view showing the impurity profile in the sensor section of the CCD solid state 
image pickup device which formed the location of the overflow barrier deeply. 

[Drawing 4] It is the explanatory view showing the relation of the formation location of the overflow barrier for 
every incident wave length and sensibility in a silicon substrate. 

[Drawing 5] It is the sectional view showing the structure between the pixels in the conventional CCD solid state 
image pickup device which adjoin horizontally. 

[Drawing 6] It is the sectional view showing the structure between the pixels which adjoin the perpendicular 
direction in the conventional CCD solid state image pickup device. 
[Description of Notations] 

1 10 [ .. A transfer electrode, 1 16 / .. A light-shielding film, 120 / .. Light filter. ] .... A silicon substrate, 1 1 1A, 
1 1 1 B, 1 1 1 C A sensor field, 1 1 3 .. 1 1 4 An insulator layer, 1 1 5 



[Translation done.] 
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«©2*5E3Wl Witt) *cn«*&ltWS*ffi 
tfitiifcftS. 
[0004] 

(i)©*3*««:n«W*lWrr&*tt^». *- ^ 
a*. •t>if«ts©-fe;i'tM xtc*ra-ass<s£isi©7*'* 

* V it#A# < ft 4fc». 3 &7C«&*M>tf 1/ 

70 - KW>*Wf iCCDHtHMBRMHs^W* 
iJt ^-_^--7p-^*>;T(D(ig ; &!5ll<^lS:bfcCCD 

i b^^whx^* (v) twwti"j=i> 

Sffi«:*$W4*fflA 1 6©ai314S?:^L/-Cl f >4. 
[0 00 5] B^©<fc5K:. -b>-t»«. AH** 1 ** 
tlft^fct, «»©*l««:ff9nS!li4. 

^T-5S15©3ltUl^ (BfSiiS) *JtpW-TS<t^lc-fe 
>-y-g|5©-> "J 3 >*ffi€: y p SBiftKB 
(p+) *»6iMt8*it:c>4. ±aiU/c^3^l»]tc-b> 
(nflW) *teA1-6t8fiXr«. 0 3lCm-T«t^ 

o ttilK**l/. *©IB*n-«««:J:ftSi*a«i*» 

c£*«rt?4. 

[0 00 6] @5SO'H6«. C©<fc9tC-fe>?©na 
«* -> 'J 3 >«*S©if 3 ^IfiUCffi^C l/fcC C Dgfttt* 
^©^jS^^WffiHt 1 *^, H5«7K¥^|S]^S 
r^BBSfflOttS^^L/, H6ttSiE*l«lKR«taB 

1 o©±Bti:RGBU:>f : tCt.1-4Sffl*©-fe>^M^l l 
A. I lB#BK3ti. S-fe> H t^«l I A. I IB© 
50 |H|lc«SB«ai'^*l 2*«»«3*itlr»4. 
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"C. fV^ym&l 0©±ffiKtt. Iftttitl 3£fiUT 

[000 7] S/c> 06tC*5l>-C» t SffiiUSig bi^ 
$ 1 2©fc*©ft2«Sl 4. 1 5*si2g$ti. -?•©!; 

1 A, 1 1 BOnHfeS?:->';3>»Sl 0<D 

■cWttt 4 n MttH±#2$L «tf . tttCSitlSjg U y 
X* 1 2*s/r?SL/Aj:(,>gil^|6]©Rgii^CDraT-^fe<D 10 

[0 00 8]-*. ±IB (2) O^P7t^;1/©2^7C 
#ffltc*ttic n «W*M*r ft*j£tt. Sit KSSfifl! 

[0 00 9] -€-t-C#ffe<P§©gffJtt. HJW-JZ<ffifr 
©»8£tt*iMW-ac4K:*a. 20 

[0 0 10] 

(BBuyx*4*RW. KflB-b>-WIW)fi-t«Wf*aflH 

fifc*s*rtt»*c 30 
[001 1 ] tidwmt. *mimmwc. mmom 

©BWf«i««*^{*M©*3#flKifcrtLfc 
HtHHtt^Wft#&<c*l>-C. |iflHH2>ifg|J©m^ 

««»»tiitt*j&idw *&«>©*«» 4 * >ttA%«» 

BCc^WTtT^iittc. «a©4*>&AB*l?W8T 

»<KHX©<l**fff SMKtt* . fflWMBRj&Ht 
A«3lM)*fifc»lCLT»S3ti*^W*««©3ltt5 40 

[0012] *|fcW©B*»«*-fCtt. Sl»KB»f 

sa«Hi3R©(t^t8©ss«a«36i . sa*iijsR**a» » 

oAI**©**K»Itl/T^Sn***(*WR©ll«c 

a>6> »«r sm#s«»s««©jfiS«: Kjh l ^, 
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m&mm%<Dmn£mmt * c 4 voite 4 a . * 

4 X©«Wtc# 5 ®K©£< b£P.*±T' # . ft fift© 
BtWWt*** AS C 4 «g 4 a S. 
[ 0 0 l 3 ] £lc> *MB©BWMlJRTOIf*#S'C 
tt. «»B©**fift<f:i->&AK:J:o'C HttiMMt?- 

«Hsi»«*w»oAH*©aattc»(S ut*«s 

****©»& m § {4Br¥g{*Sffi©E#|6]«:li2;A- 
ff*f*«#©jS«*l»jbl/-3-3. A«jfc©«atcft*& 

t, m^mffigs^is8©ft*tcj:s&gfl±^4. m 
«-r «**«©£*«: <t & m&mmmom 
n*9mtz>z timmt & <? , fe*?<f x©NMMcfl> 

[0014] 

*>\ JWT«cBwr5ii»©»«tt. *»«©»«&*# 

*»W©»B«. fclT©»W«:fct»T. »K3|c»W 

*iRffi-rs§©8Btt*»ttt>iR0 . ctihommicmjEz 
tiai>fe©4-rs. *wt©»Ji , ctt. bwibjr^k: 

*>£A£m>. »3;&fi^©#«£lfcatl**±tffc* 

Sj5fS±©*>5-7 i)\,%Ki.*)-7 -f JU3";>^34-ifcA 
!*«SKi£i;r*«8E*AqW»«:fft>n6«):5«:, Hz> 
^©n+^^©^fSt8)S©-SP ; Sr}tA3'i±. 
*©JW:{|W*l»*K:*3ittail*-e»iRrsc tKJ: 
•9, ®g|6]±4®ep^±?:Mli:3til>J:!'te:C'fcfe©-C 

[ 0 o l 5 ] H i-«v *»W©Hlt©)KI»K:J:*cc D 

H«*iai6^©*iia«:flti"iHBia-c* o . sit^^tci^ 

JW*B«B©it5ft*jftb'CJ,»S. *«K4Bl>-C. i"J 
3>S«1 1 0©±H(CRGB(Cjkt(Kr&ftHR©«> 

1 1 A, 1 1 1 B, 11 1 C**EHS*iT«,» 
S. **J. Hl-CtttfWOrt>&*s. S*>^««1 1 
1 A. 1MB, 111 C©*¥#|fiJ©Bi*IWCH:EI5 

KstHKt 4 naucsitiKjS u y x $ ^jfjfix $ nr t» 

S. *fc. 2/'j3>»gl io©±ffltc«. ffiJiJii l 
3 u r *MKa U i? -X ^ JC J* It 0 X ±T 2 HOG 
JM^@1 14,11 5#S5B3ft, *©±BKB3tHi 

[ooi6] -e-u-c, c©«fc^ft^'j3>s«i i o© 

±WC tt. -SJi^Si^lC*)- 0 T R G B © 3 KB I 



(4) 
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C<Dt>7-7 ■< )\>$ 1 2 OB. ^>^.tSlllAKlW 
ft (Blue) 7fe^AM3"tt> 1 1 Btdi 

fi(Green) **AI4;*tf. Hz^^l 1 1CK 

stte (Red) **AW3*a. -e-u-c. frfel/lHM 

111A. 11 IB. 111CB. ±*©n+H*l*lll 
Iftttte J: 4*«C»B©T)i«: n -StW»fR*K J: 5 
££H£i"J3>&&l 1 OOif S^lc^A^tiTfe 

SOBftU &g©ft±£@SJ;^<: !-<*:*>©■?&£. 10 
[0017]f It, C0)£btt^ffi®l7'V?7 4>W 
1 1 1 A, 1 1 1 B. 1 1 1 Ctt, tt« 

e (H^«re»7RB) tca»ufc-f'*>&AK«fcn> 

-Ci&fiRSft-CfetK «0©4 *>aAi***£^** 

1 1 1 A. 1 1 1 B. 11 lCSKRttS 

4. tttt>%. »t»«fi©^»B 1 u eli^ 
*1 1 1 A) K-H»Tlt ItaiWn-fiWft 

U *fcRWDJ&»G r eenil <-fe>1»- 2C 
ftgl 1 IB) K-WTtt. ±*>P>3©g©n-M**6 

«1 1 1C) Cco^-Ctt, T*»M8SRtf2aB<Dn 

AO, W* 

4Ci"CE^©»W«l*««^. aft©*******" 

[ 0 0 1 8 ] H 4 B. i")3 >S«»c*stt S AMiRS* 3 

-r»WH-c»«). fltttBASfilfcS <u 

m) 4*L/> &»rhtt«0. 3 um*»6 1 2 jtmt'C© 

S. CCt, Bluej£(Bl ue7^M?:Sj@lfc 
*) B, tt4 5 0 n m ( 0 . 4 5 Mm) ©ttftCCttK t* 
-^fcftoftftft-T'fc^-^e©. SiS£*ffi*?>3 

1HW*C»*J: < **SH»*ft 3 ft** . Green* 
(Gr e en? < >i,*4ajil/fc#) 1*5 0 0-5 5 0 

[0019136K:, Re d* (Re 6? -< -il/*£jgjfi 
L/c*) fconttt, 6 0 0~6 5 0 nm-MifilcSgf 
- * -?/cS>. iMKc* -'"«- ? a 'J 7©S3 a 

5:**gHft©83fcfeW £ ■&>■!?•««©# £*£A or *$ 
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WB, m v )a 1 ?M^<0^yt^M^'S.^tiCi9.tc ttt 

[0 02 0] U^-ot, c©«fc5ft7'0 7*-f-Mfl& 
©fffiS*«©-«t l/C. 5fc© «fc 5 tt*«*WBT* C 
t*spJ|6"C*S. *r. 1 0^/m^;^.t©&^fc=^•-'^'- 
: 7^.w^•'J7£^i^i*;^ : ¥-^':i■:•'•&A (Bo r o n : 8 
-1 OMeV) *2«Ep i tttrcwatbfc*. H3^C 

n +*«{c*te**«**a«iaie»c»jsr a. c 

On * --7A!|<f> ! /tW»!»5 

fc©-C*0. AsfteBPhostftO. 5Mm^ifi© 

-y< 'j 7 >f + *tt«ctf 6JWcaa»i**l£ 

t>. n-WWfcJBfiW*. C©n-«Wttt. *©n+fi 

[OOZlHtt. c©n-W*0*R-i*>ttA 
U>7'5>) ft*Wc. 5feK^cBlue, Red. 
Gr e e n**l-tn©«fi*S i *-C#«£R3ft6« 
S KfflSf S ^ **© v * * /S * "* >*H*8tC*fc 

T6^IS©'/>^<'P* tc * i, ' 5t: - 3 MinWT©S?K 
rr^tf^>^->"CB. JKDfc 
B 1 u e**»5B* 1 1 A) ©«□© 

*4f|fe©HiRJ:Dfcl£A3lfC*5<. 3-5 am 
©£ 3 tctT ^iitr ^ > 77 ft HB#©-7 x i» / < $ - >« . 
Gr een**lR^B* (*>1HW«1 1 1 B) ©MP 
©&£<i!j©iIf&<fc9i£A;*#tfc<,, PHRtc. Red* 
?ria^il^ 1 1 1 C) B5amW±©£3 

10 ^P€r<l!!©li*«t , 3ffiA3-liT:fc< 0 

[0022] -e©«, jfi^©^a-Cft^SS4^JS0)fc 
ft. itfin©P+«l«t«iW*K*H/tS2lrd««C 

RS-rs. eLh©J: 9 -&H2>-9-© 
j: ^ -cj&iwafc*. -eti-en©^ > ^sk^ f - > 

©»a<b*J«S«ctrA. II 1 KfiVTJ: 5ttHr>1f7C37 

ntm<DJ *>iT%a*Rtt». si 1 ©*rc»7gw)W 
40 -evb-ci***. .t^/<-7a^-^'')7©i4a^-b> H t 

[0023] 

^ r b, ai »<c««r s»«i*<o«-w«*i»«* 

3 ft 43|£a*#*«©a& S*S (4BT'¥2gft«tS©ffi^ 
|fii(cffi;A 3 ft r t > 4 c t *> 6 . WSSSfc 

a©is«*iw± o^^. A«at©«fitcfta ft * s fig 
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mt sa*iai©«?5fife*j|fe* u k < t, Mia t & o . a 

^1SBS«*©tf*KJ:*ffiRfi±»S£. nor* 
fi^flBfif «fc *«e««WJ»S©W#*£ 

WtfhCtlfitHMitttit. cote*. Hr;H?--fX©ai^ 

[ 0 0 2 4 ] *M©Hflm*TOM8£&'C 

«B**iSWBoA»*©«fiK»jSLT«5E3n5* 
»{*l£lR©Sft ? lM?¥i*#3SS©il^fctfc* 

OTfWH«©ifi«*IW±l/'*^. AJW#©«ft«:*»tt 

©#»c «fc S&&ntl|*fc*©Pf# £J|58T * C i tfojfcg 
££S. cote*. *;biMX©$S/Mc#5@it©;&{t 

«s±r*. *ftta[©Hf*»«aR ; ?-*«(jft-r*c 
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[BffllOtMlfclWU 

[HI 1 *lfeW©Hi6©^{cJ:5CCDH*tti«aR : f- 
©fitit^^Tttlrffiia-C*^,. 
[02] KM>£#f 3 

CC DHft««3R-?-©-fe>-!fW«:*}W SWM&^n 7 7 

[S3] n-;<y7©fia^feS<JBJiSLfcC 

10 ;u«:^riftW@t?*S. 

[04 1 -> y 3>a««:*»wsAHjKfi»©*-^-7 

[05] ^©CCDHWtfMRWiBWS^^filK; 

110 iiiA» 1 1 1 b. 111 

20 c 113 mmm. 114. 115 

IkJM«S. 116 jgTfcK. 120 t>?-7 

lib*. 
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